The current study investigates a) whether assimilatory tone sandhi processes, which are motivated by articulatory ease, and dissimilatory tone sandhi processes, which are not, differ in their recoverability of surface-to-underlying tone mapping for naïve Dutch listeners. It also investigates b) whether gradient and categorical underlying-to-surface sound changes in these processes lead to any difference in this mapping.
Introduction
In connected speech, the production of a speech sound is affected by the articulatory features of its neighboring sounds [1] [2] [3] [4] [5] ; this typically results in a different surface realization of the sound from its underlying form. The changes can either be a) assimilatory, when a neighboring sound extends its features to the coarticulated sound, e.g., a labial may change to a velar when immediately preceding another velar in Korean [6] ; or b) dissimilatory, when the altered sound becomes less similar to a neighboring sound, e.g., a liquid /r/ is converted to a nonliquid /d/ before/after an adjacent liquid /l/ in Southern Bavarian German [7] . For native listeners, these surface patterns contain ambiguous information regarding the underlying form. Taking the Korean labial-to-velar assimilation rule as a hypothetical example, the surface velarvelar can underlyingly be either a labial-velar sequence, in which the underlying labial is neutralized to a surface velar, or a true velar-velar sequence. Native listeners have been amply demonstrated to be able to undo the neutralization and map the surface element onto the non-surface-matching underlying element, based on language-specific phonological knowledge about the underlying-to-surface (henceforth, U-to-S) process and lexical underlying representations [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Regarding naïve non-native listeners, studies have shown that they can to some extent perform surface-to-underlying (henceforth, S-to-U) mappings in assimilatory processes [17, 18] , while no such evidence occurs for dissimilatory processes. By definition, naïve listeners lack knowledge of phonological processes and lexical representations. The question arises how they accomplish mappings in assimilatory processes, and what are the representations onto which surface forms are mapped.
The different status of nonnative mappings in assimilatory and dissimilatory processes could reside in their different motivations. Assimilatory processes are mostly believed to be motivated by "articulatory ease" [19, 20] . Dissimilatory sound changes were proposed by Ohala [21, 22] to occur as listeners are under pressure to preserve the underlying segment in the surface form, and misattribute a feature that is intrinsic to a surface form to coarticulation, causing a "hyper-correction". Motor Theory [23, 24] and Direct Realist Theory [25] [26] [27] [28] agree that acoustic events are perceived as being caused by articulatory gestures. Based on this idea, we hypothesize that what non-native listeners might be doing in S-to-U mappings is to map a surface form onto a hypothetical underlying sound, invoking articulatory knowledge that is independent of native language experience, interpreting non-native sounds in terms of articulator settings. This would predict that S-to-U mapping for assimilations uses language non-specific knowledge based on articulatory ease, which is accessible for naïve listeners; while mappings for dissimilations should be language-specific, as such processes crucially refer to lexical representations that are unavailable for naïve listeners.
Extending the mapping hypothesis for assimilatory process based on articulatory ease, it could be that non-native listeners can recover the underlying representation only in case this is to some extent acoustically recoverable from the surface. The change from underlying to surface forms can be categorical, when the articulatory characteristic of the underlying element is completely lost in the production of the surface form, e.g., in Korean labial-to-velar assimilation, surface labials neutralize with underlying velars with converging F2 and F3 values [29] . Alternatively, the change can be gradient when an articulatory gesture of an underlying element is partially lost at the surface, e.g., assimilated coronals in English coronal place assimilation have formant values intermediate between those of coronals and non-coronals [30] . Hence, we may assume that gradient assimilations, leaving phonetic traces of the underlying sound at surface, will allow naïve listeners to do the S-to-U mapping.
Empirical evidence supports the hypothesis that naïve nonnative listeners can perform S-to-U mapping for assimilations, with mixed evidence on whether such mappings crucially rely on gradience. Most studies found that naïve listeners were able to recover underlying sounds successfully only for gradient 9th International Conference on Speech Prosody 2018 13-16 June 2018, Poznań, Poland assimilations. For instance, [17] observed that naïve English listeners performing a mapping task for a gradient Hungarian voicing assimilation process were facilitated in monitoring a target underlying sound in its surface form in a viable context, as compared to an unviable context; whereas listeners did not show facilitating effects for Korean categorical labial-to-velar assimilation. An ERP study [18] tested Dutch listeners on Hungarian /l/-to-/r/ assimilation, and found listeners accepted the assimilated segment as its underlying counterpart more in a viable than unviable context when they heard a partially assimilated /r/. One study suggests that naïve listeners relate surface and underlying sounds in categorical assimilations. [11] tested naïve French listeners on English place assimilation as well as naïve English listeners on French voicing assimilation, and found that both groups detected the underlying word more successfully in viable than in unviable contexts, using spliced neutralized phonemic contrasts.
Regarding dissimilatory processes, no previous study has investigated whether naïve non-native listeners can perform Sto-U mappings, as far as we know. Whether S-to-U mapping in dissimilatory processes requires native language experience inaccessible to non-native listeners, as Ohala [21, 22] implies, remains unclear. The current study aims to investigate a) whether assimilatory and dissimilatory processes differ in their recoverability in S-to-U mapping for naïve nonnative listeners. It also investigates b) whether gradient and categorical sound changes lead to differences in mappings. We use lexical tone and tone sandhi processes to investigate these issues. By using lexical tone, we are able to adopt a group of non-tone listeners that is maximally remote from native listeners, which offers the strongest test for the language-general mapping hypothesis for assimilatory processes. An artificial tone language will be constructed, manipulating two dimensions of U-to-S changes: a) assimilatory versus dissimilatory and b) gradient versus categorical. Dutch listeners will be used as the naïve non-tone language listeners.
Experiments
The Word Detection paradigm was successfully used by [11] to test native and naïve listeners on their S-to-U mapping in assimilatory processes. Here we apply this paradigm to tone sandhi processes, to test whether naïve Dutch listeners can map a surface sandhied tone onto a target (underlying) tone. Target words (in their underlying tonal shape) were presented auditorily and followed by test items containing a target word (now appearing in a gradient vs. categorical sandhied tone shape, and embedded in an assimilatory/dissimilatory context). Participants had to decide whether they spotted the target word in the test items. A comparison of detection rates of target words in a) assimilatory vs. dissimilatory contexts and in test words containing b) gradient vs. categorical sandhied tones will demonstrate how Dutch listeners make use of the two factors in a S-to-U tone mapping task.
Experiment 1
Experiment 1 included categorical U-to-S changes, either assimilatory or dissimilatory. Based on the hypothesized language-unspecific S-to-U mapping in assimilatory processes and language-specific mapping in dissimilatory processes, our prediction was that naïve Dutch listeners would perform more successfully S-to-U mapping in an assimilatory process than in a dissimilatory process.
Stimuli
A pair of tone sandhi rules involving categorical changes and differing in assimilatory/dissimilatory nature were created in a made-up language. Sandhi 1: 44.24  42.24 1 ; Sandhi 2: 44.42  42.42. In Sandhi 1 the offset of a high-level 44 in the first syllable is lowered to the same pitch as the onset of the following 24, resulting in a categorical assimilation process; Sandhi 2 is a categorical dissimilation process, as the offset of a high-level tone in the first syllable deviates far from the subsequent onset of a high-falling 42, instead of approaching it. The sandhi rules both involved a change from an underlyingly high-level tone 44 to a surface high-falling tone 42.
Four target words carrying the underlying tone 44 were selected: /ba44/, /bi44/, /de44/, and /go44/. The target words were spoken by a 27-year-old female Mandarin speaker A. Tokens were digitized at 16kHz and 16 bits, and normalized in duration (450 ms [ba44du24]) for each of the 4 target words. None of the practice items carried the same tone pattern with the 2 experimental conditions. All recordings and editing were done using Audacity and Praat [32] .
Participants
Thirty Dutch participants with no previous exposure to a tone language were recruited. All were aged between 18 and 30, and all self-reported normal hearing. Every participant did the two conditions (assimilatory 42.24/dissimilatory 42.42) in one experiment. The order of trials within a block and the order of the blocks were randomized for each participant.
Procedure
Experimental trials were pairs beginning with the presentation of the monosyllabic target word (e.g. [ba44]), followed after 1000 ms of silence by a disyllabic test item (e.g. [ba42du24]). The intertrial interval was 4000 ms. Participants were requested to press a "yes" button when they thought the target appeared in the test item with the same melodic shape, and press "no" if otherwise. In each trial they were allowed 2000 ms after the offset of the target word to make their response. Missed trials were repeated at the end of the trials.
In the practice session, practice trials were played to the participants in a loop. Visual "correct/incorrect" feedback was provided after each response. The practice session would automatically end when a listener performed 7 trials in a row with ≤ 2 errors. Then they proceeded to the test session, during which responses were collected without feedback. The experiment protocol was run via ZEP [33] . Detection (yes/no) for each test item was used as the main measure.
Results and discussion
A generalized linear mixed-effects model was constructed to analyze the detection data. PARTICIPANT and ITEM were included as random effects. Fixed effect of SURFACE FORM (assimilatory 42.24/dissimilatory 42.42) was added to the model and proved to significantly improve the fit of the model (p= .001 **). The model revealed significantly lower detection of the underlying tone 44 in the surface form 42.24 than in the surface form 42.42 (p= .001 **). It turned out that the Dutch listeners demonstrated a word detection pattern opposite to our hypothesis of better mapping in the assimilatory condition. Instead, the listeners detected the underlying tone 44 more frequently in the 42.42 surface form, involving a categorical dissimilatory change from underlying form, than in the 42.24 surface form, which included discrete assimilatory change. The cause of the observed unexpected better mapping in the dissimilatory condition will be discussed together with the results of Experiment 2 in the next section.
The finding that the S-to-U mapping did not benefit from the assimilatory condition in Experiment 1 might be due to the categorical change from the underlying tone 44 to the surface tone 42, which left no acoustic traces of the target (underlying) tone in the surface form for the Dutch listeners to perform the mapping. Experiment 2 aims to investigate the same mapping when the change becomes more gradual.
Experiment 2
Experiment 2 changed the surface tone to 43, i.e. a less steeply falling tone that is intermediate between 42 and 44. We hypothesized that when the change is more gradient, better Sto-U mapping might be observed in the assimilatory condition.
Stimuli
The same stimuli as in Experiment 1 were used, except that tones in monosyllabic test words were changed to 43, and accordingly, tone sequences on the disyllabic test items were altered to 43.24 and 43.42.
Participants
Another thirty Dutch participants were recruited. They met the same criteria as in Experiment 1.
Procedure
The procedures were the same as in Experiment 1.
Results and discussion
A generalized linear mixed-effects model revealed no significant difference between the detection rates of the 43.24 and the 43.42 conditions. (p> .5). The results showed that the Dutch listeners did not succeed in significantly better S-to-U tone mapping in the assimilatory condition, even when the U-to-S tonal change was more gradual. A noticeable trend of better mapping in the assimilatory condition than in the dissimilatory condition was observed, but the difference was statistically insignificant.
In the S-to-U tone mapping tasks in Experiment 1 and 2, the Dutch listeners seemed to be mainly confronted with a segmentation task at the surface tone level.
In Experiment 1, the Dutch listeners seemed to be facilitated in segmenting the surface tone 42 from its following tonal context in the dissimilatory 42.42 condition; whereas they seemed to have experienced increased difficulty in segmenting the surface tone 42 from its immediately following tonal context 24 in the assimilatory 42.24 condition.
The role of dissimilation as a potential segmentation marker was already noticed by [20] , who observed that crosslinguistically, dissimilation phenomena occur mostly across concatenated morphemes, and suggested that dissimilation processes apply to "preserve the distinctiveness of the stemaffix relationship" and to "make stem boundaries more prominent". In our Experiment 1, the Dutch listeners may have also set up a hypothetical morpheme boundary in the dissimilatory 42.42 condition, because of the F0 disagreement between the surface tone and its tonal context, and thus may have segmented the surface tone 42 easier from its context; whereas the f0 agreement between the surface tone 42 and the contextual tone 24 in 42.24 may have lead to more difficult segmentation of the surface tone 42. Evidence from previous studies suggests that an f0 jump can be used to suggest boundaries. For example, [34] found a clear effect of pitch reset on the detectability of discourse boundaries and on subjects' ranking of boundary hierarchy; [35] found that silent intervals bounded by tokens of widely differing pitch are heard as longer than those bounded by tokens closer in pitch.
A different type of segmentation cue could have come from double occurrence (repetition) of tone. In the 42.42 surface condition of Experiment 1, the repetition of tone 42 might have contributed to the easier segmentation of the surface tone 42 from its context. Studies such as [36] noted the underrepresentation of syllable repetition in lexicon in many languages. [37] observed that the co-occurrence of pairs of identical consonants was used as a segmentation cue for Dutch listeners. The restriction on repetition of identical tones is wide spread in the lexicon and surface phonology of many languages, e.g. OCP-high tone in Bantu languages [38] .
In Experiment 2, the contrast between f0 agreement and disagreement was eliminated in the surface forms 43.24 and 43.42; meanwhile, repetition was avoided in the surface tone and its tonal context. Hence, it may be assumed that the segmentation of the surface tone sequence in the two conditions was equally clear/unclear to the Dutch participants. As segmentation played no role in Experiment 2, the hypothesized better mapping in the assimilatory (compared to dissimilatory) condition should have re-emerged. We indeed observed this tendency as a trend in the results, although this effect was not statistically significant.
The current results left it unclear whether the facilitated segmentation for the Dutch listeners in the 42.42 surface form in Experiment 1 was due to a) f0 disagreement on the tone boundary or b) repetition of the 42 tone. Experiment 3 was included to disentangle these two possible effects.
Experiment 3
Based 
Stimuli
The stimuli in Experiment 1 were included in the current task, and a new test item condition 42.44322 was added. The tone shape 44322 was created by twisting the 42 tone in Praat [32] while keeping the duration intact.
Participants
Another thirty Dutch participants were recruited. They met the same criteria as in Experiment 1& 2.
Procedure
The procedure was the same as in Experiment 1 and 2. The significantly higher detection rate in the surface form condition 42.42 than in the surface form condition 42.24 was replicated in the current experiment, which further confirmed that the segmentation of the surface tone 42 was facilitated for the Dutch listeners in the 42.42 tone sequence.
Results and discussion
The surface form 42.44322 elicited a detection rate comparable with the condition 42.42. This persuaded us to believe that the repetition of the tone 42 was unlikely to be the main cause of easier tone segmentation. The 42.44322 condition elicited slightly but not significantly higher detection rate than the 42.24 condition. It did not confirm us that the f0 jump necessarily lead to easier segmentation for the Dutch listeners, though it was more likely to be the major cause.
General discussion and conclusions
No evidence was found suggesting that the Dutch participants succeeded in S-to-U tone mapping more successfully in the assimilation condition than in the dissimilation condition, when tonal changes were discrete. When the changes became gradual, still no robust evidence was found supporting that the S-to-U mapping is easier in the assimilatory condition, although a trend of the hypothesized difference is noticed.
Instead, cumulative evidence was found suggesting that tone segmentation may play a cardinal role in Dutch listeners' surface-to-underlying tone mapping task, and may prevent access to underlying representations. In particular, the listeners seemed to have segmented the surface tone from the disyllabic sequence more easily in the dissimilation condition 42.42; whereas they experienced increased difficulty in segmenting the surface tone from its adjacently following tonal context in the assimilation condition 42.24. Whether it is f0 jump in the tone sequence or tone repetition that caused segmentation ease for Dutch participants remains unclear; however, the f0 jump is more likely to be the main cause. Dissimilation by its nature implies discontinuity, and hence may have an intrinsic relationship with easier segmentation, as opposed to assimilation, which implies continuity and may intrinsically lead to more difficult segmentation.
The task we employed in the current study asks listeners to first attend to the target in isolation and then retrieve the target in the context, which invites attention to segmentation. Future studies exploring the S-to-U mapping problem by naïve listeners may consider this segmentation effect and use experiment methods that minimally allow it to play a role.
